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'XHWRWKHKLJKDFKLHYDEOHHQHUJ\GHQVLW\WKHEHDPZHOGLQJPHWKRGV/DVHU%HDPDQG(OHFWURQ%HDP:HOGLQJ
DUHHVSHFLDOO\VXLWDEOHIRUVROYLQJWKLVFRPSOH[MRLQLQJWDVN(OHFWURQ%HDP:HOGLQJKDVLQFRPSDULVRQZLWK/DVHU
%HDP:HOGLQJ SURFHVVUHODWHG GLVDGYDQWDJHV KLJKYDFXXP UHTXLUHG JHQHUDWLRQ RI;UDGLDWLRQ DQG WKHPHWKRG
VWLOO KDV WR VWUXJJOH ZLWK DFFHSWDQFH SUREOHPV DQG KLJK PDUNHW LQWURGXFWLRQ EDUULHUV /DVHU %HDP:HOGLQJ LQ
FRQWUDVW LVDZLGHVSUHDGPHWKRGDQGWKHUHLVDKLJKGHPDQGIURPWKHLQGXVWU\IRUWKHMRLQLQJRIFRSSHUZLWKWKH
ODVHUEHDP,QLQGXVWULDODSSOLFDWLRQKRZHYHURQO\FRPSDUDWLYHO\VPDOOSHQHWUDWLRQGHSWKYDOXHVFDQEHDFKLHYHGVR
IDUVLQFHDVXIILFLHQWSURFHVVUHOLDELOLW\LVPRVWO\RQO\HQVXUHGZLWKYHU\KLJKZHOGLQJVSHHGRIPRUHWKDQPPLQ
$WORZZHOGLQJVSHHGVHUXSWLRQOLNHZHOGPHWDOHMHFWLRQVFDXVHFULWLFDOGHIHFWV7KHQHFHVVDULW\RIDKLJKZHOGLQJ
YHORFLW\OHDGVWRDORZSHQHWUDWLRQGHSWKDKLJKGHPDQGRIODVHUSRZHUDQGLQFUHDVHVWKHFRVWVIRUIDVWDQGDFFXUDWH
SRVLWLRQLQJ:LWKLQWKHIUDPHZRUNRIFXUUHQWUHVHDUFKDURXQGWKHJOREHWKHDSSOLFDWLRQRIVRFDOOHGJUHHQODVHUVDQG
RI ODVHUV ZLWK KLJKHVW EHDP TXDOLW\ LV VXEMHFW RI UHVHDUFK WR RYHUFRPH WKHVH GLIILFXOWLHV $W WKH 5:7+$DFKHQ
8QLYHUVLW\:HOGLQJDQG-RLQLQJ,QVWLWXWH,6)DGLIIHUHQWDSSURDFKLVXVHGWRVROYHWKLVGLIILFXOWLHVE\DSSO\LQJWKH
/DVHU%HDP:HOGLQJLQ9DFXXPIRUWKHZHOGLQJRIFRSSHU7KHDLPRIWKHXQGHUO\LQJUHVHDUFKSURMHFW³/D9D&X³
,*)1)RUVFKXQJVYHUHLQLJXQJ'96LVWRTXDOLI\WKH/D9DSURFHVVIRUWKHZHOGLQJRIFRSSHUDQGFRSSHU
DOOR\VLQWKHSODWHWKLFNQHVVUDQJHRIWRPPDWFRPSDUDWLYHO\ORZZHOGLQJVSHHGVEHORZPPLQ
/DVHU%HDP:HOGLQJ,Q9DFXXP/D9D
7KHILUVWLQYHVWLJDWLRQVLQWKHILHOGRIODVHUEHDPZHOGLQJXQGHUUHGXFHGZRUNLQJSUHVVXUH³/D9D´GDWHEDFNWR
WKHVDQGWKHV7KHDLPRIWKHVHZRUNVZDVWKHUHGXFWLRQRIWKHGHYHORSLQJSODVPDSOXPHLQZHOGLQJYLD
&2ODVHUE\$UDWDHWDO9HUZDHUGHDQG)DEEURDQG.DWD\DPDHWDO%DVHGRQWKHVHUHVXOWV
WKH ,6) VWDUWHG LQ  WR ZRUN LQ WKLV ILHOG XVLQJPRGHUQ VROLGVWDWH ODVHU EHDP JHQHUDWRUV VLQJOHPRGH ILEUH
ODVHUV /RQJHULFK  ,Q WKH VXEVHTXHQW GHYHORSPHQW RI WKH HTXLSPHQW WHFKQLTXH DQG RI WKH DSSOLFDWLRQ
SRVVLELOLWLHVUHPDUNDEOHUHVXOWVLQWKHILHOGRIWKLFNSODWHZHOGLQJRIVWHHOPDWHULDOVKDYHEHHQREWDLQHG%\DSSO\LQJ
WKHVDPHZHOGLQJSDUDPHWHUFRQILJXUDWLRQDQHQRUPRXVFKDQJHLQWKHLQQHUZHOGVHDPJHRPHWU\FDQEHREVHUYHG
$WORZZHOGLQJVSHHGVWKHZHOGVHDPEHFRPHVPXFKPRUHQDUURZDQGWKHSHQHWUDWLRQGHSWKLVLQFUHDVHGPRUHWKDQ
WZRWLPHV7KHDPRXQWRIZHOGPHWDOLVFRQVWDQWZKLFKPHDQVWKDWWKHWKHUPDOHIILFLHQF\UHPDLQVXQDIIHFWHG)LJ
FHQWHU)RUXQDOOR\HGVWHHOVLQJOHSDVVMRLQWZHOGVRQDSODWHWKLFNQHVVRIPPDUHDFKLHYHG)LJULJKWVLGH
DQGZLWK WKH GRXEOHVLGHG VLQJOHSDVVZHOGLQJ WHFKQLTXH MRLQWZHOGV IRU D SODWH WKLFNQHVV RI XS WR PPDUH
SRVVLEOH5HLVJHQHWDO$OVRLQWKHILHOGRIKLJKDOOR\VWHHOPDWHULDOVDQGRIQLFNHOEDVHGDOOR\VVLQJOH
SDVV MRLQWZHOGLQJKDVEHHQVXFFHVVIXOO\FDUULHGRXW LQ WKHSODWH WKLFNQHVVUDQJHRIEHWZHHQDQGPP)LJ
ULJKWVLGHDQG5HLVJHQHWDO7KHLPSOHPHQWDWLRQRIILUVWLQGXVWULDODSSOLFDWLRQLVSXUVXHGE\WKH,6)DQG
WKH)RUVFKXQJVXQG(QWZLFNOXQJVJHVHOOVFKDIW)JHWHFKQLN)()*PE+5HLVJHQHWDO

)LJ%HQHILWRIWKHSUHVVXUHUHGXFWLRQDQGSRWHQWLDOVRI/DVHU%HDP:HOGLQJLQ9DFXXP
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7KHUHVXOWVZKLFKKDYHEHHQREWDLQHGVRIDUDQGWKHUHVRQDQFHLQWKHLQGXVWU\UHIOHFWWKHJUHDWSRWHQWLDORIWKLV
SURFHVVYDULDWLRQ(VSHFLDOO\ZLWK ORZZHOGLQJVSHHGDKLJKSHQHWUDWLRQGHSWKZLWKDW WKHVDPH WLPHKLJKZHOG
TXDOLW\FDQEHDFKLHYHG6SDWWHU IRUPDWLRQRQ WKHZHOG WRSVLGH LV VWURQJO\ UHGXFHGYHU\ ILQHO\ ULSSOHG WRSZHOG
EHDGV FDQ EH SURGXFHG DQG WKH WHQGHQF\ WR SRUH IRUPDWLRQ LV UHGXFHG E\ IDFLOLWDWHG GHJDVVLQJ LQ WKH UHGXFHG
SUHVVXUH%|UQHUHWDO
7KH VFLHQWLILF UHVHDUFK DQG WKH DSSOLFDWLRQ RI WKH HIIHFW RI WKH UHGXFWLRQRI WKH DPELHQW SUHVVXUH LV VXEMHFW RI
FXUUHQWUHVHDUFK$VWKHPDLQUHDVRQVWKHVXSSUHVVLRQRIDSODVPDSOXPH&2/DVHUDQGRUPHWDOYDSRXUSOXPH
VROLG VWDWH ODVHU)LJ OHIW VLGHDQGDOVR WKH UHGXFWLRQRI WKHERLOLQJSRLQWDUHDVVXPHG%\D UHGXFWLRQRI WKH
ZRUNLQJSUHVVXUH WKH GHQVLW\ WKHRXWOHW YHORFLW\ DQG WKH FRQGHQVDWLRQRI WKH HPLWWLQJPHWDO YDSRXU DUH DIIHFWHG
SRVLWLYHO\DQGWKHUHDUHOHVVSDUWLFOHVLQWKHZRUNLQJDWPRVSKHUH,QFRPPRQHQJLQHHULQJPDWHULDOVVXFKDVVWHHORU
FRSSHU WKHUH LV D VWURQJ GHSHQGHQFH RI WKH ERLOLQJ SRLQW IURP WKH SUHVVXUH ZKLOH WKH PHOWLQJ SRLQW LV DOPRVW
LQGHSHQGHQWIURPWKHSUHVVXUH)LJ%\WKHUHGXFWLRQRIWKHERLOLQJSRLQWPRUHWKDQ.LQWKHUDQJHEHWZHHQ
K3D DQG K3D OHVV ODVHU SRZHU LV UHTXLUHG IRU WKH HYDSRUDWLRQ RI WKHPDWHULDO WR IRUP WKH NH\KROH 7KH
NH\KROHVWDELOLW\LVLQFUHDVHGLQDGGLWLRQGXHWRWKHVPDOOHUWHPSHUDWXUHJUDGLHQWEHWZHHQHYDSRUDWHGPDWHULDODQG
WKHVXUURXQGLQJPROWHQZKLFKOHDGVWRDWKLQQHUOD\HURIPROWHQPDWHULDO-DNREV

)LJ6DWXUDDWLRQ9DSRXU3UHVVXUHRI,URQDQG&RSSHU
6RXQG:HOGLQJ2I&RSSHU%\/DVHU%HDP:HOGLQJ,Q9DFFXP
3.1. Equipment Set-Up 
$ GLVN ODVHU E\ 7UXPSIZLWK DPD[LPXP SRZHU RI N: 7UX'LVN  LV XVHG DV EHDP JHQHUDWRU 7KH
SURFHVVILEUHKDVDGLDPHWHURIP%HDPVKDSLQJLVUHDOLVHGRXWVLGHWKHYDFXXPFKDPEHUYLDDOHQVRSWLFE\
3UHFLWHF 3UHFLWHF<::LWK WKLV FRQILJXUDWLRQ D IRFXV SRLQW GLDPHWHU RI PP LV DFKLHYHG 7KH ZHOGLQJ
RSWLFVLVDGGLWLRQDOO\HTXLSSHGZLWKDVFDQQLQJPLUURUZKLFKDOORZVWRDSSO\DEHDPRVFLOODWLRQLQZHOGLQJGLUHFWLRQ
RUSHUSHQGLFXODUWRWKHZHOGLQJGLUHFWLRQ7KHSURWHFWLRQRIWKHFRXSOLQJLQZLQGRZIURPWKHSURFHVVHPLVVLRQVLV
FDUULHGRXWYLDDV\VWHP2SWL6KLHOGZKLFKKDVEHHQGHYHORSHGLQWKH,6)ZKLFKDOORZVWRLQFUHDVHWKHOLIHWLPHRI
WKHFRXSOLQJLQZLQGRZWRPRUHWKDQZHOGLQJVSHUZLQGRZ
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)RUYDFXXPJHQHUDWLRQD375IRXUFKDPEHULQGH[LQJPDFKLQHDQGD)RFXV/$9$/ZHOGLQJPDFKLQHZHUH
XVHG7KHIRXUFKDPEHU LQGH[LQJPDFKLQHZDVRULJLQDOO\ LQWHQGHGIRUDSSOLFDWLRQ LQ(OHFWURQ%HDP:HOGLQJDQG
ZDVLQDFRRSHUDWLRQZLWKWKH,6)DGDSWHGIRU/DVHU%HDP:HOGLQJLQ9DFXXP)LJ

)LJ/DVHU%HDP:HOGLQJLQ9DFFXPDW,6)0DFKLQH6HWXS
3.2. Comparison Of Copper Welding At Atmospheric Pressure And Reduced Pressure 
,Q ODVHUEHDPZHOGLQJRIFRSSHUDWDWPRVSKHULFSUHVVXUHHUXSWLRQOLNHHMHFWLRQVRIZHOGPHWDOGHYHORS7KHVH
HMHFWLRQVFDXVHFULWLFDOZHOGGHIHFWV DQGDUHH[SODLQHGE\ LQVWDELOLWLHV H[SDQGLQJDQG LPSORGLQJRI WKHNH\KROH
+H,WLVH[SHFWHGWKDWWKHVHLQVWDELOLWLHVRIWKHNH\KROHDUHOLQNHGWRWKHVSHFLILFPDWHULDOFKDUDFWHULVWLFVRI
FRSSHUVXFKDV WKHKLJKKHDWFRQGXFWLYLW\ ORZDEVRUSWLRQFRHIILFLHQW IRU ODVHU UDGLDWLRQDWQPZKLFKFDXVHV
PRUHEHDP±ZRUNSLHFHLQWHUDFWLRQVWRDEVRUEWKHODVHUUDGLDWLRQDQGWKHIDFWWKDWFRSSHULVQRDOOR\DQGWKHUHIRUH
KDVDPHOWLQJDQGERLOLQJSRLQWLQFRPSDULVRQWRKDYLQJDPHOWLQJDQGERLOLQJWHPSHUDWXUHUDQJH
5HVHDUFKLQJWKHUHDVRQVIRUWKHVHLQVWDELOLWLHVLVVXEMHFWPDWWHURIFXUUHQWVWXGLHV0RVWRIWKLVUHVHDUFKZRUNWR
RYHUFRPHWKLVGLIILFXOWLHVWDUJHWVWKHFRPSDUDWLYHO\ORZDEVRUSWLRQFRHIILFLHQWRIFRSSHUIRUWKHZDYHOHQJWKDURXQG
QP,WLVWULHGWRLQFUHDVHWKHLQWHQVLW\RIWKHODVHUEHDPE\XVLQJODVHUSRZHUVRXUFHVZLWKWKHKLJKHVWEHDP
TXDOLW\WRREWDLQYHU\VPDOOIRFXVGLDPHWHUVVLQJOHPRGHILEUHODVHUVE\+HWRXVHDSRZHUPRGXODWLRQRU
WRXVHODVHUVZLWKDGLIIHUHQWZDYHOHQJWKJUHHQODVHUDWDURXQGQPZKLFKKDYHDKLJKHUDEVRUSWLRQFRHIILFLHQW
*UDI :LWKLQ WKH IUDPHZRUNRI FXUUHQW UHVHDUFK LW KDVEHHQGHPRQVWUDWHG WKDW WKHVHSURFHVV OLPLWV FDQEH
VKLIWHGYLDKLJKSRZHUPXOWLPRGHODVHUVWRZHOGVSHHGVRIEHWZHHQPPLQN:DQGPPLQN:*UDI

7KH5:7+$DFKHQ8QLYHUVLW\:HOGLQJDQG-RLQLQJ,QVWLWXWH,6)UHVHDUFKHVFXUUHQWO\DGLIIHUHQWDSSURDFKWR
LQFUHDVHWKHSURFHVVVWDELOLW\DQGDYRLGWKHRFFXUUHQFHRIZHOGPHWDOHMHFWLRQV7KHUHVHDUFKZRUNDWWKH,6)LQWKH
ILHOGRI/DVHU%HDP:HOGLQJLQ9DFXXPRIXQDOOR\HGVWHHOVDQGKLJKDOOR\HGVWDLQOHVVVWHHOVKDVSURYHQWKDW WKLV
SURFHVVYDULDWLRQ OHDGV WRDSURFHVVVWDELOL]DWLRQHVSHFLDOO\DW ORZZHOGLQJVSHHGV ,W LVH[SHFWHG WKDW WKLVSURFHVV
VWDELOL]DWLRQ LVPDLQO\ OLQNHG WR WKH VPDOOHU LQIOXHQFHRI WKHPHWDOYDSRXUSOXPHDQG WKH UHGXFWLRQRI WKHERLOLQJ
WHPSHUDWXUH-DNREVDQG5HLVJHQDWDO
,ISURFHVVUHOLDEOHMRLQLQJRIFRSSHUDWORZVSHHGDQGORZODVHUSRZHUVLVIDFLOLWDWHGFRPSDUDEOHKLJKSHQHWUDWLRQ
GHSWKV FDQ EH DFKLHYHG DQG WKH LQYHVWPHQW FRVWV IRU KLJKSRZHU EHDP JHQHUDWRUV DQG IRU IDVW DQG DFFXUDWH
SRVLWLRQLQJFDQEHUHGXFHGFRQVLGHUDEO\
 Uwe Reisgen et al. /  Physics Procedia  83 ( 2016 )  447 – 454 451
&RPSDUDWLYHVWXGLHVRIWKH/DVHU%HDP:HOGLQJDWDWPRVSKHULFSUHVVXUHRIKSDDQG/DVHU%HDP:HOGLQJ
LQ 9DFXXP ZRUNLQJ SUHVVXUH K3D ZLWK EDVLF ZHOGLQJ SDUDPHWHUV IRFXV SRVLWLRQ RQ WKH VXUIDFH QR EHDP
RVFLOODWLRQSURYH WKDWDFOHDU VWDELOL]DWLRQRI WKHZHOGLQJSURFHVVE\ WKH UHGXFWLRQRI WKHDPELHQWSUHVVXUH LV WKH
UHVXOW)LJ7KHXVHGFRSSHULVDSKRVSKRUXVGHR[LGLVHGFRSSHUZLWKKLJKUHVLGXDOSKRVSKRUXV&X'+3$OUHDG\
DW DZHOGLQJ YHORFLW\ RI PPLQ HMHFWLRQV DUH WRWDOO\ DYRLGHGXS WR D SHDN SRZHU RI N:7KH FRPSDUDWLYH
ZHOGLQJWULDOVZLWKLGHQWLFDOZHOGLQJSDUDPHWHUVDQGHTXLSPHQWLQDWPRVSKHULFSUHVVXUHVKRZWKHW\SLFDOZHOGLQJ
GHIHFWV)LJ7KLVSURFHVVVWDELOL]DWLRQFDQDOVRREVHUYHGDWHYHQORZHUVSHHGVDURXQGPPLQEXWWKHZHOGVVWDUW
WRGHYHORSZHOGPHWDOHMHFWLRQVDWKLJKSRZHUOHYHOVDERYHN:)LJ7KHODWHVWUHVHDUFKUHVXOWVDWWKH,6)SURYH
WKDWWKHVHSURFHVVOLPLWVFDQEHIXUWKHUUHGXFHGE\DQRSWLPL]DWLRQRIWKHZHOGLQJSDUDPHWHUV

)LJ&RPSDULVRQRIZHOGPHWDOHMHFWLRQVDWDPELHQWSUHVVXUHRIK3DDQGYDFXXPSUHVVXUHRIK3D
3.3. Welding Process Development Cu-DHP 
:LWKLQWKHFRXUVHRIWKHUHVHDUFKZRUNLWZDVGHPRQVWUDWHGWKDWDOUHDG\ZLWKDODVHUSRZHURIN:RIDPXOWL
PRGHVROLG VWDWH ODVHUDQG WKHFRQQHFWHG ORZ LQWHQVLW\ GXH WR WKH ODUJH IRFXVGLDPHWHUFRPSDUHG WRVLQJOHPRGH
ILEUHODVHUVDSHQHWUDWLRQGHSWKRIPRUHWKDQPPFDQEHDFKLHYHGZKHQWKHSUHVVXUHLVUHGXFHGWRK3D7KH
WRSZHOGEHDGLVGXHWRPDWHULDOORVVFDXVHGE\ZHOGVSDWWHUVSDUWLDOVOLJKWO\FRQFDYH:HOGHMHFWLRQVZKLFKUHVXOW
LQFULWLFDOZHOGGHIHFWVGRQRWRFFXU)LJWRS7KHSRURVLW\UDWHLVFRPSDUDWLYHO\ORZ
$VIURPDSRZHURIN:DSHQHWUDWLRQGHSWKZKLFKLVFOHDUO\KLJKHUWKDQPPZLWKDYHU\KLJKDVSHFWUDWLR
SHQHWUDWLRQ GHSWK WRZHOG VHDPZLGWK FDQ EH REWDLQHG )LJ ERWWRP 7KH GHIRFXVLQJ RI WKH ODVHU EHDP WR D
SRVLWLRQEHQHDWK WKH WRS VXUIDFHRI WKHZRUNSLHFHKDVSURYHQ WR DIIHFW WKH LQQHUZHOG VHDPJHRPHWU\ LQ DKXJH
DPRXQW7KHSRURVLW\ LV FRPSDUDWLYHO\ ORZ DQG WKHUH DUH QR VLJQV IRU LQQHUZHOG GHIHFWV WHVWHG E\PDFUR FURVV
VHFWLRQVDQG[UD\DQDO\VLV7KHGHYHORSPHQWRIFUDWHUVFDXVHGE\ZHOGPHWDOHMHFWLRQVZKLFKKDYHDFFXUHGLQWKH
FRPSDUDWLYHVWXGLHVDWDWPRVSKHULFSUHVVXUHVHH)LJZLWKODVHUSRZHUYDOXHVDERYHN:VHH)LJFDQEH
SUHYHQWHGWRWDOO\XSWRWKHPD[LPXPODVHUSRZHURIN:
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
)LJ&X'+3/DVHU%HDP:HOGLQJLQ9DFXXPDWDYHORFLW\DURXQGPPLQ
$WWKLVSRLQWRIUHVHDUFKDQGRQWKHEDVLVRIWKHGHVFULEHGZHOGLQJSDUDPHWHUDQGPDFKLQHVHWXSLWZDVQRW\HW
SRVVLEOH WR DYRLG WKH GHYHORSPHQW RI VPDOO DQG ORFDOZHOG FRQFDYLWLHV DW WKH WRSZHOGEHDG DQGRU IODW WRSZHOG
EHDGV)LJWRSDQGERWWRP7KHVHLUUHJXODULWLHVDUHFDXVHGE\PDWHULDOORVVUHVXOWLQJIURPVSDWWHULQJGXULQJWKH
ZHOGLQJSURFHVV
7KHQH[WGHYHORSPHQWVWHSGRQHDWWKH,6)LVWRIXUWKHULPSURYHWKHZHOGVHDPTXDOLW\7KHPDLQGHYHORSPHQW
WDUJHWVDUHWRH[SDQGWKHSURFHVVZLQGRZZLWKQRZHOGPHWDOHMHFWLRQVWRZDUGVDZHOGLQJYHORFLW\EHORZPPLQ
WKHLPSURYHPHQWRIWKHJHRPHWU\RIWKHWRSZHOGEHDGDQGWKHIXUWKHUUHGXFWLRQRIWKHSRURVLW\UDWHHVSHFLDOO\IRU
WKHXVHGFRSSHU&X'+3ZLWKKLJKUHVLGXDOSKRVSKRUXV
7KH DSSOLFDWLRQ RI D EHDP RVFLOODWLRQ SHUSHQGLFXODU WR WKH ZHOGLQJ GLUHFWLRQ LV RQH RI WKH PRVW LPSRUWDQW
SDUDPHWHUV WR DFKLHYH WKHVH GHYHORSPHQW VWHSV :HOG PHWDO HMHFWLRQV FDQ EH SUHYHQWHG FRPSOHWHO\ HYHQ DW
FRPSDUDWLYHO\YHU\ORZZHOGLQJYHORFLWLHVRIPPLQDQGLQWKHVDPHWLPHDWDWLPHVKLJKHUSUHVVXUHOHYHORI
K3D)LJ7KHODVHUSRZHURIMXVWN:PXOWLPRGHGLVFODVHUZLWKLQFRPSDULVRQWRDVLQJOHPRGHILEUHODVHU
ORZEHDPLQWHQVLW\LVVXIILFLHQWWRDFKLHYHRYHUPPSHQHWUDWLRQGHSWK7KHZHOGVHDPZLGWKLVZLWKWRPP
ZHOOVXLWDEOHIRUFRQQHFWLRQZHOGV7KHZHOGLQJSURFHVVLVYHU\VWDEOHDQGUREXVW$QDO\VLVRIWKHZHOGVHDPTXDOLW\
E\ YLVXDO LQVSHFWLRQ PHWDOORJUDSKLF PHDQV PDFUR FURVV VHFWLRQV DQG 1'7 WHVWLQJ [UD\ GHPRQVWUDWHV QR
LQGLFDWLRQV IRU LQQHUZHOGVHDPGHIHFWV)LJ(VSHFLDOO\ WKH IRFXVSRVLWLRQDQGDQRVFLOODWLRQRI WKH ODVHUEHDP
KDYHSURYHQWRDIIHFWWKHZHOGVHDPJHRPHWU\VSDWWHULQJEHKDYLRUDQGWKHRFFXUUHQFHRIZHOGPHWDOHMHFWLRQVLQD
KXJHDPRXQW
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
)LJ&X'+3/DVHU%HDP:HOGLQJLQ9DFXXPDWDYHORFLW\RIPPLQ
6XPPDU\
7KHUHVHDUFKUHVXOWVZKLFKZHUHDFKLHYHGVRIDUFRQILUPWKDW WKHSURFHVVVWDELOLW\IRUPDWLRQRIHMHFWLRQVDWD
ZHOGLQJVSHHGEHWZHHQDQGPPLQFDQEHLQFUHDVHGE\WKHUHGXFWLRQRIWKHDPELHQWSUHVVXUH:LWKDIXUWKHU
ZHOGLQJ SURFHVV GHYHORSPHQW WKH RFFXUUHQFH RIZHOGPHWDO HMHFWLRQV FDQ EH SUHYHQWHG WRWDOO\ 1R LQGLFDWLRQV RI
LQQHUGHIHFWV FDQEH IRXQGE\PHWDOORJUDSKLFDQDO\VLV FURVV VHFWLRQVDQGE\QRQGHVWUXFWLYH WHVWLQJ [UD\7KH
SRURVLW\UDWHLVFRPSDUDWLYHO\ORZZKHUHDVWKHSURFHVVUHOLDELOLW\DQGSURFHVVUREXVWQHVVLVKLJK7KH/DVHU%HDP
:HOGLQJLQ9DFXXPIXOILOOVWKHFRQGLWLRQVRIDQLQGXVWULDOXVDJH
%\DSSO\LQJ WKLV SURFHVVYDULDWLRQZHOGLQJRI FRSSHU DW D ORZSRZHU OHYHO EHWZHHQN:DQGN:DQG ORZ
LQWHQVLW\ OHYHO EHWZHHQ N:PPð DQG N:PPð EHFRPHV SRVVLEOH:LWK N: RI ODVHU SRZHU DQG PPLQ
ZHOGLQJYHORFLW\DSHQHWUDWLRQGHSWKRIPRUHWKDQPPLVDFKLHYHG$WDKLJKHUSRZHUOHYHORIN:ORZZHOGLQJ
YHORFLW\RIPPLQDQGE\DSSO\LQJDEHDPRVFLOODWLRQLWLVSRVVLEOHWRDFKLHYHDSHQHWUDWLRQGHSWKRIPRUHWKDQ
PP,IWKHSRZHUOHYHOLVLQFUHDVHGWROHYHOVDERYHN:LWLVSRVVLEOHWRDWWDLQDSHQHWUDWLRQGHSWKRIPRUHWKDQ
PP
$FNQRZOHGJHPHQWV
7KH ,*)SURMHFW ,*)1RI WKH)RUVFKXQJVYHUHLQLJXQJ6FKZHLHQXQGYHUZDQGWH9HUIDKUHQH9'96
$DFKHQHU 6WUDH   'VVHOGRUI ZDV IXQGHG E\ WKH $L) ZLWKLQ WKH IUDPHZRUN RI WKH SURJUDP IRU WKH
SURPRWLRQ RI WKH ,QGXVWULHOOHQ *HPHLQVFKDIWVIRUVFKXQJ ,*) ,QGXVWULDO &ROOHFWLYH 5HVHDUFK E\ WKH )HGHUDO
0LQLVWU\RI(FRQRPLF$IIDLUVDQG(QHUJ\RQWKHEDVLVRIDGHFLVLRQE\WKH*HUPDQ%XQGHVWDJ

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